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ABSTRACT .* ' 

This conference wasv^ designed to provide information 

--onHAe-de veiopmen t-and^mp'lemeniation—of ™seven sc i ence 

courses primarily for non-science majors at Lehigli University, to 
examirie what ought to be the objectives of cou;rses such as these in 
the liberal arts curriculum/ and to describe parallel efforts with 
similar educational objectives ^t other institutions. The Lehigh 
courses, which are taught on a continuing basis by senior science and 
engineering /faculty, include; (1)^ chemistry for the consuaner 
(chemistry); .(2) regulation of public safety (metallurgy and 
materials engineering); (3) the faptory of the future (industrial 
engineering); (4) tall buildfngs and urban design (civil 
engineering); (5) computer modeling of our world (chemical*, 
engineering); (6) mineral deposits, economics, and world politics 
(geology); and (7) a^course designed to serve as an. -introduction to 
engineering as a problem-solving discipline linked to applications of 
scientific research and to economic, political, and social interests 
in thosie applications. An opportunity was also provided during the 

. conference to assess the state of a science and technology literacy 
movement that has been steadily growing in power and influence since 
the late 1970 *s and to examine issues related to the development and 
teaching of science and technology literacy courses. (JN) 
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. TO THE EDUCATIONAL RESOURCES . | 
*' * INFORMATION CENTER (eRIC)." 

In the Spring of 1984 Lehigh University was the site of a 
national conference entitled "Science, Technology and the Liberal 
Arts",. The im&ediate occasion for holding this conference was a 
commitment by Lehigh to the National Science Foundation 
Lehig h would disseminate the results of a NSF-funded curriculNi^ 
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development project initiated four years earlier -through the now 
def q nct NSF dir ectorate for Comprehensive '^ Assistance - to 



U nder gr adua te— Sei e nee— Educa t i on ( CAU S E)^ — Lehi^gii-jchOLS_elJto_usje._Jt^ 



occasion to offer the attendees an overview pf parallel efforts 
at ot:her institutions working towards the same goals as those of 
Lehigh's project^ namely, bringing science, mathematics and 
technology "literacyH into the liberal arts curriculum. 

The Lehigh conference, then, was much .more than a display of 
what Lehigh had done* It was ah^' opportunity to assess the state 
of a science and technology literacy movement that has been 
steadily growing in/power and influence since the late 1970s. At 
the moment^ the key "players" in this movement are the National 
Science Foundation, the Congress of the United States, a growing 
rfumber of state departments of education, the Sloan Foundation 
together with the corps of colleges andl universities it is 
actively supporting in this area,. and various national 
educational associations. Moving to play a more active role are 



the Association of American Colleges (r€;)resenting some 700 
liberal arts colleges)_, the Association for the Advancement of 
Science and, somewhat tentatively thus far, a number of. corporate 
foundations* .V 

The movement is being kept active, in part %t least, by the 
prospect of hundreds of millions of federaT dollars likely to be 
targeted for improving the level of competence of the American 
people in mathematics and .scienc^e, primarily, and in technology 
secondarily* The activity reflects as well authentic concern 
over the adequacy of education at all levels in areas that are 
preconditions of excellence in science and engineering, insofar 
as these are conceived to be preconditions of national prosperity 

— i-n— the— decades-^head-; STich-^conTceTn--hars^bee n vo i c ^d^l'S TTighly 

"-p\ib-Hrci-z'ed~re;po'r^^^ Natl b n a 1 

Commission on Excellency in Education, the Carnegie Institute for 
Higher Education, tl^e National Science Foundation , and the isioan 
Foundation* Elfrlier than these reports was the a;ctivity of " a 
group of .engineering educators organized into the Council for the 
Understanding of Technology in Human Affairs (CUTHA) . Founded in 
1979, CUTHA sponsored conferences at MIT (1980), Chatham College 
(1981), and the University of Maryland (1982), at each of which 
science, humanities and engineering faculty tried to articulate 
what it was about techhology that liberal arts students ought to 
know, and how to teach it to them. 

In retrospect, then, one can see a steady and rapid develop- 

* ' ' ■ ■ ■ ■ ' ' ' ■ / ...... • 

ment during the past five years centered on calls for significant 

modifications to existing elementary, hig^ school and college 

curricula on behalf of increasing competency levels in those 



quantitative and reasoning skills relevant to a^, wider public 
involvement with scientific research, applied science and engi- 
neering • The motives underlying these calls are diverse. Some 
reflect^ the same sort of anxieties that pervaded the calls for 
educational -reform following the launch of Sputnik in 1957, now 
with our ally Japan joining the Soviet Union as an additional 
threat to our national well-being. Some motives reflect concerns 
about the ability of the ^American populace, in the absence of a 
deeper understanding of science and technology, to deal with the 
increasingly important roles in our .society of science- and 
technology-related policy-making decisions. And some, doubtless, 
— reflect, ~ from a more purely acadenf!fc perspective;, coneeyn-about- 
the adequacy of an educational system that does not equip its 
students :with cognitive tools- fundamental to an active involve- 
ment with powerful social and economic forces shaping their 
physical, social and political lives. 

In thef course of the five year development of this movement, 
the meaning of "literacy" in the terms "science literacy" and 
"technology literacy" has barely been specified. Nor has there 
emerged a precise specif icatitDn of how this literacy is to be 
fitted into the liberal arts curriculum, or the high school 
curriculum, apart^ from global proposals* for improving the 
teaching of science and mathematics and imposing more stringent 
course and competency requirements at all levels; Finally, there 
has been little sign that activists on behalf of science and 
technology literacy appreciate the distinctive character of 
course work in the humanities yis-a-vis course work in science. 



mathematics and engineering. Where the latter are offered to- 
^ self-motivcited students who have to master course materials 
because they will be intjegrated: sequentially* into increasingly ^ 
sophisticated technical problem-solvi ills they need to 

a^cquire, humanities courses have a mo' use and '"horizontal" 

character, and are keyed to acquiring . ^tive, rather than ^ 

technical problem-solving, skills. Insoi s humanities stu- 
dents are required to take science and mathamt. ics courses, they 
generally lack intfrest and motivation, per^ips because they know 
that these- materials will not be integrated nto their subsequent 
learning experiences or professional activities. Ignoring these 
distinctions virtually guarantees that new science and technology 
~~^itetercY — coxHrs^es — nsd-lirniolr-readi-l-y^ 

arts curricula. Wen i^^ require- 
ments. For all of the sound and fury being expended, one would 
hope to achieve more than has been accomplished to date in those 
institutions that aTteady require liberal arts students to take 
some^number of existing, or specially designed general education, 
courses in physical science and/or mathematics. ' ^ 

Considerations such as these formed the backdrop for 
J- Lehighls "Science, Technology and the Liberal Arts" conference, 
and informed Lehigh's own projec^t in this area, "Elements of 
-Technology in a Liberal Education". This project required the 
development of seven new undergraduate courses, to be taught by 
senior science and eng'ineering faculty on a continuing basis and ^ 
to be: aimed primarily at students not majoring in science or 
engineering. Six of these courses were to be funded out of the 
NSF/CAUSE grant. The seventh was a "gateway" course that would 



• A. * ■ ■ . ** ■ 
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serve as an introduction. to engineering as a problem-solving 
discipline linked, on the one hand, to applications of scientific 
research and, on the other, to more parochial economic, political 
and social interests in those applications* 

/The courses, chosen to be developed under the NSF/CAUSE grant 
were: Chemistry for the Consumer (Ned He^indel, Chemistry 
Department); The Regulation of Public Safety (Alan Pense, 
Department of Metallurgy and Materials Engineering); The- Factory 
of the Future (Mikell Groover, Industrial Engineering); Tall^ 
Buildings and Urban Design (Lynn Beedle, Civil Engineering); 
Computer Mpdelling of Our World (William Schie'sser, Chemical 
Engineering); Mineral Deposits, Economics and World Politics 
(Charles Sclar, Geology) . 

Each of the seven Lehigh courses was described at some, 
length both in plenary and parallel workshop sessions- at the 
conference. - Partiicipants were "walked through" the course 

development process, the internal and external evaluations to 

■ . .. ■ ■. ■ . ' . • ■ '\ ' 

which each course and the project as a whole were submitted, t:he 

" ■ ' * ■ ' . * ' . .. , ^ \ 

positive and negative experiences of the instructor and students, i 
and the current syllabi. (Each course was taught twice . before 
completing its development phase.) The workshop sessions were 
interactive discussions of the course objectives: , format, texts 
and alternatives were described and argued in active exchanges. 
Here, as throughout the conference, the overriding objective was. 
, to provide participants with- concrete and candid information that 
would be of direct -relevance to their own curriculum planning 
efforts. . V 



- The non-Lehigh contributions to the conference, all plenary, 
session presentations, were on: outstanding existing 

science/technologi^ literacy courses, at Yale (Robert Wheeler and 
William Ralph Bennett)., Columbia (>ierbert Goldstein) , and Brown 
(Don Avery) ; comprehensive science, mathematics and technology 
literacy s programs underway , ..at Syracuse (Gershon Vincow) and 
Polytechnic Institute of New York (Donald Hockney) ; and the 
status of Sloan Foundation-funded projects, reported on by Leon-' 
Trilling of MIT, director^ of the regional resource center set up 
by Sloan to assist the New England and Middle Atlantic states 
institutions to which it had awarded curriculum development 
grants. 

Over all this ^activi^ty, and the 93 participan'ts from 60 
institutions who attended, hovered the "hidden agenda"* of those 
who had steered Lehigh's "Elemehts of Technology in a Liberal 
Education" project: determining what ought to be the objectives 
of courses such as these in a liberal arts currfculum. We were 
committed from the beginning to the view that these needed to 
flow from the broader educational objectives of a -liberal arts 
college rather than from the narrower instructional objectives^ of 
curricula for ^ studerfts majoring in mathematics, (physical) 
science and engineering. Unfortunately, it is all too of ten the 
case that current science and mathematics requirements for 
humanities and social science students impose on them courses of 
•this instructional kind, and this is universally acknowledged to 
have failed to achieve literacy in these sub jfect areas, whatever 
"literacy" means, V 

The conference^ s keynote address was thus deliberately 



^chosen t;j^ highlight our concern about the terms under which new 
efforts .were to be made to incorporate current conceptions of 
literacy in science, mathematics. and technology into the arts 
curriculum, as well as to articulate whdt those conceptions were • 
The "address was delivered by Dr. James M. Banner, Jr historian, 
founder of the American Association for the Advancement of. the 
Humanities, and Scholar in Residence. at the Association of 
American Colleges in Wasliington, D. Dr. Banner noted the need 

for students to learn' to "...understand science and technology 
as we have long sought to havQ them xinderstand the other subjects; 
of the course of study: .to understand" ITfe."'^ At the same time he 
noted this was only "one dimension of the problem" . and- that "the 

~en^tlTre~ninia ergir^^^ curr iculliiiris in need of oveFhau 17"" The 

chal li^hge is' " how to" k^^^ and techno log y 

from becoming just another ..specialty of an over-specialized 
faculty, manifested in just another set of Clectives" in a 
curriculum overflowing with electiyes. . The issue instead is how 
to have knowledge of science and technology permeate * the 
curriculum throughout." He called for an understanding o3E both 
the nature of reasoning and the principal methods used in each of 
the major fields of science, engineering - and mathematics and of 
how "each is a product of the social and^ symbolic configuration ^ 
of culture." These studies in! turn must be connected and fully 
integrated into, not just grafted onto, the undergraduate liberal 
^arts curriculum. ^ ^ 

By pre-arrangement, Lehigh's President, Dr. Peter Likins, 
responded. to Banner's remarks. Dr. Likins emphasized his concern 



that educated people in the modern world, understand the various 

* • ft * .. ■ ^ . • - . " 

modes of human thought, 'and, ia particular , that they understand 
/"how scientists and eng^ineers thinkV rather than "what they •think • 
He noted important differences between humanists and engineers in 
terms of their approaches to problem solving-. While "it is a 
characteristic of th^ educated humanist that he tends to define 
problems that he cannot solve, it is a characteristic of the 
educated technologist that he tends' to focus his intellectual 
energy on defining problems that he can solve", Likins expressed 
his disappointment in the educational establishment's failure 
adequate ly to point "^ut this difference; a difference whose 
. explication could well constitute t|ie^ theme of this conference/ ' 

^ • Banner's and X i k ins' comment s_,,sjej:^h.eL-J:Qjae for nrnch^o^ th.e. 

■ ^discussion dur-ing--the-~next^-two— days--and-were~^ — rele- 

vant to the presentations on the seve^n Lehigh courses,. 

chemistry for the . Consumer examines a small number of 
socially significant chemical applications such as the use of 
food additives, the licensing and manufacture of drugs, the 
" mdhufacture of plastic^ and paints, artd the chemistry of future 
energy sources. The issues " in which these applications are 
cauaht up are used as means for exciting student • interest in 
chemical* concepts. For example, detergenjts offer- an ideal 
vehicle -for teaching the relationship between chemical, structure, 
bonding type, and chemical properties. In this way chemistry and 
its laws are related to important societal problems and values, 
"painlessly" instructing the student in both, • 

The Factory of th^ Future was designed as a vehicle for 
discussing . the principles and technologies of_^ current and 



projected automated factory production, computer-run assembly 
lines, computer aided design,, industrial robots, programmable 

machine tools, et cetera , in the context of the social and 

.-.,».■'■' * ■ . 

economic thangefs that such production engenders • 

; • .■■■»• • • : 

The Regulation of Public Safety is intended to make the 

/ • ■ ■ ■ . • 

student aware of the decision-structure of government regulation 

" - ■ <f , ■ 

■■" . • . . • . " • . . ' ■»'"'' 

of the products of modern technology. It traces the growth of 
regulation on behalf of public safety in boiler * and pressure 
vessel manufacture, bridge construction, and nuclear power plant 
construction.. The approach to the course is sufficiently quanti- 
tative that students can calculate mar^^ins of safety and deter- 
mine the engineering choices to be made in appropriately simple 
cases. Such calculations supplement the conceptual parts of the 



course and are designed to show the extent to which auantitatiye 
solutions to complex problems can and cannot be used as a substi- 

o / . . . \ ■ ■. ■ , ■ 

' • ' ■ . ■ • : . 4 . 

tute far (ultimately subjective) value judgements..^ ' 

Computer Modeling of Our -^ WorTdl ias. as its principal objec- 
tives, ^anintrdductio 1) the formulation of mathematical 
models for complex socio-economic- technological (SET) .systems; 2): 
the details of prograimning SET models in a standard computer 
language; and 3) the execution of the model programs to gain 
insight into the behavior of the SET s^^stems. An emphasis on 
both giiantitative* modelirig and underlying qualitative judgements 
is . facilitated , by concentrating on probletrT areas which are 
currently of major interest and will probably remain important 
throughout -the working careers of these students : energy, air 
and water pollution, population, atmospheric carbon dioxide and 



natural .refsource "depletion , * 

* The objective of' Urban Design ' arid the Skyscraper is to 
present the parameters^ that affect the decisiori making^ the. 
planning, the design, > the construction , and the operationr of tall, 
.buildings,. considered as systems that bring together miny 
disciplines within and outside of engineering, , The. course pre- 
sents the primary professional tools available to> "and/commonly 
used by, the various engineering specialities in vol veS in tall 
building design within the totajj. urban context. Topical material 
includes.-: building systems, (structural, mechanical 

architectural), the tall-building design team, the design of 
structural members, and taking into account potential hazard?, 
natural and man-made, * 

- - ■ . , ' . ^ ■ - ■ ■ • ■ ' . . - ■ - 

Mineral Deposits,, " ^Industrial Development^ ' and World Affairs 

treats the occurrence, distribution,- and economic developrrrnt of 

'■ - . ^ \ ■ - 

industrially - important mineral deposits with a view to allowing 

the students to assess the interaction of social and> political 

realities with technological constraints in decisi|ori making for 

raw material development. After setting a foundation for the 

students on how global tejctonic ; dynamics and;* the detailed 

geological' history of a region govern the processes by which 

elements are concentrated to -prociuce potentially valuable mineral 

- - - ' ...... . ■ - , . . .. . ; . . . ■ - _ ■ — . - ^ ■ f . 

deposits, the economic, political, arid technological basis, for 
the development . of mineral deposits is^xplored . Such strategic 
commodities .as tin, niobium, and germanium are singled out for 
detailed analysis of their occurrence, technologies available for 
their recovery, and the history ; of their commercial supply. The 
course is thus a blend -of the principles ""of physical geology. 



geo-cheTOistryr economic geology, mineral beneficiation^ exttac- 
tive metallurgy' and economics, the whole heavily seasoned with^ 
.the^ interaction of modetn technological ^developments and world 
politics. ■ ^ V " ' : 

Each of these courses motivates learning technical / scienti- 

fic^ mathematical and engineering materials-.by disclosing their 

• • . ■ -* *" . . , ' ' '■ ■• 

embeddedness in priessing contemporary issues. The technical! 

material 'is taught: it is not skirted or just "talKisd about .. 

Rathdr, care is taken to show the students how thfe decision- 

making, from which the impact of science and .technoiogy on 

society directly flows, is pervaded by knowledges-abases in science 

and engineering, knowledge-bases which in turn incorporate mathe- 

matics in characteristic ways. Without any understanding yof 

relevant subsets of those knowledge-bases/, there -is no; way thai 

i nf ormed - dec is ions can be- made" at the level of t icipa ted social 

impact, whether the particular case involves the^ installation of 

a municipal^natural gas storage tank, the release for ma]:keti^g| 

of a new drug, offering tax incentives for manuf actur ing-plantj 

modernization, building a high-rise office/apartment t:ower,| 

■ ■ . .. • • r 

imposi-ng restrictions on the burning of fossil fuels xnf\ the 

American midwest, . or subsidizing the currently uneconomic 

development of a domestic extraction industry for a strategically| 

important metal now being imported from a politically unstable 

neutral, or even friendly, natiori. ^ | 

All of these. courses were developed under the aaspices* of 

Lehigh' s Science, Technology and Society Program whose djbrector , 

Steven Goldman,/ was Principal Investigator of the NSF grant, and 



WK^lMMt •! tlw p€9i9Ctf, Along with Alan P«ns« and Stephen 
O»t0llfte« rfo|«ot MAlnUtrator. Tba continued offering of 
HMM t —ff ■ » iMMVVCv vill b9 th9 CMponsibility of the college 
•t miliiMltlai Mtf mysleal Seianoa in conjunction with the sts 

flw f t a ^y oottcaat "iBtcodoetion to Taehnology", was 
ItMltpatf in «MfdtMtioa with the aix MSP/CAUSE- funded courses 
Mii immtmm an tha distiaetivaaaaa of anginaaring as a problem- 
•alvlllV aiMiptlM. Nhila tha ayllaboa pivots about a model of 
m9im9E%m$ Mhleh «l«acly idaotifias anginaaring as an element in 
« ^«af ayttMi aetloo to which aconoaiic and political motives 
pUy i»i»l4abl« ralM# a apaeial affort ia oada to distinguish 
m§i9m9im ^ phyaioal aeianea. in practice, of course, the 
wm •a«cU# «lt«a«lvaly# hot to prinoipla thay are distinct, and 
tula <9i«tlMtlMl !• oanttal to an appraeiation of tha social ties 
•f «aiflMWfi»i. Uitlally it was concaivad that this course 
mmlM mt ha opan to Mfinaaring majora. As it developed, 
lh9WMNif« «ha ayllahM iaeraaaiogly eantarad on a modal of engi- 
mmtim tlMt «M tha haaia foe aitploring tha non-tachnical fac- 
that ihapi tha pcaotlea o£ angioaaring in tha -real world". 
MlMat il»f itwdawta 44aaovarad that tha course provided a treat- 
mm% •! aoflhMfittf that waa of direct personal interest and 
#9»IUhl« Mwhata aloa in thair curricula. it seems likely, 
thil««f»f«# th«t f©f tha ftttttfa tha coueaa will be open to all 
^mitmUt f*i«fdlaa8 of Mjer. 

iWJUmtitnip that tha ba^igh nodal waa neither unique nor 
9fitll«f«d« tha awifWBaiio* progcaa ainad at presenting a range of 
pMAlltl «fl*ffc« Wifch aitiiUc educational objectives at other 
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institutions, „ 

Robert Wheeler,^ chairman of the Yale Physics Department, 
described a course on applied science/ technology for liberal artis 
students that has been highly successful over its eight year 
lifetime. Under .a single rubric , students can take one, two or 
three consecutive discrete mini-courses of one credit each. Each 
mini-course is on a different self-contained topic, taught by a 
faculty member expert in that area, ' Each mini-course consists of 
eight lectures and an examination, along with demonstrations. 



homework and/or projects. In any given term six mini-courses are 
offered, and a student can take all six, for six credits, or take 
more than three and opt for his/her three best grades,- Recent 
topics include: laser technology, nuclear science and technology, 
fluid mechanics in^ -jiature -and . technology,^„ _ . 
architectural acoustics, and aerodynamics of aircraft. 

Wheeler • s own mini-course, "Micrbeiectronics - The Chip", is 
built around answers to a set of key questions: what is it; what 
does it do; how is it organized; how is it made; why is it small; 
what'^ is expected in the future? The sequence of lectures by 
means of .which these questions are answered is- the following: 
clocks and calculators; binary arithmetic; electricity; ; atoms; 
silicon; the p-n junction; semi-conductor devices; the planar 
manufacturing process; limits in nature and in society. Wheeler 
uses slides, demonstrations, scholarly and popular reprint 
'materiTl and involves the students by referring to topical news 
items arid focussing on the people behind the technology, 

"The mini-course program satisfies Yale's distribution 



■ : • '.• • .14 

o —■ ■ ■ ■ ^ 
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^r^equii^ement fd^ two courses (6 credits) 



in sclenc.e__and mathematicsv 



Enrollment is stable at 



approximately 180 students per semestery and the flexibility/ of 
the mini-course format is doubtless partially responsible for 
this continuing popularity. Faculty can respond relatively 
easily , to . student requests for new topics ^nd staf f ing is :far 
simpler than for a traditional three credit course. Yale has 
certainly succeeded in intrpducing the often neglected* technology 
component into the arts curriculum. 

William Ralph •Benhetty also at Yale ^ offered a deisc r i pt^ 



of his course . "The Computer as a Research Tool" which 
consistently attracts large numbers of humanities students . This 
courser interestingly, was instigated, by Bob Wheeler arid resulted 
in a book bv Bennett > Science arid Engineering Prpblem-Sblving 
With the Computer that is now the text for the course. In spite 
of its rather forbidding title , the book irs an outs tdudiTig*- 
vehicle for motivating learning to use the computer for the sake 
of its usefulness to set up and solve problems that could not*^ 
practically be treated otherwise except by specialists. For his 
presentation/' Bennett took .one chapter of his book, the one 
dealing with l=ianguage, and in a talk that was as humorous as it 
was informative^ showed how important characteristics of linguis- 
tic Structure and literary style could be disclosed and explored 
using simple programs well'^within the-capabilities even of entry- 
level programming, simultaneously drawing the student in a 
natural' and self-motivating way into an appreciation of the 
relevance of statistical distributions to natural phenomena. 
[Those interested who do not have, ready access to Professor 



ERIC 



\ . 



.Bennett's book can get a feeling for his^ presentatipn from the 
Computer Recreations column in the November 1983 issue of 
Scientific Ainer ican magazine ,1 This eourse comes cl6s"eY "Tthan 
Wheeler's to matching the pedagogical strategy of the Lehiigh 
courses in embedding the motivation • to learn technical material 
in apparently non-technical issues o^f general interest. 

This same strategy, /*^though with a narrower reference/ is at 
work in ppriald Avery's "Yacht Design" course at Brown University. 
The first part of the course is an intensive introduction to the 
dynamics" of-^^Tii^^^ in whicH^"" 1^ 

operate. The second part is a design project that each student ^ 
must successfully complete in order to receive. credit for the 
course. The project requirements are that thie student lay down a 
full set of criteriia for a functional boait, including detailed 
specifications down to performance, materials and cost. The "boat 
must then be "built" and dynamically ^tested" either in fact ' 
(rarely, but often enoiagjh to have spawned a couple of commercial 
operations after graduation),* on paper or through a computer 
model , ihcorporgiting the fluid dynamics component of the course. 
This^ course, too, is a continuing success, regularly attracting 
some 40 students each time offered. 

Herbert Goldstein of Columbia University described a new 
team-taught course with . which he has been involved from its 
beginning three years ago. This course, ^ "The Scientific 
Experierice", is designed to teach students something of the way 
scientists reason about the problems they address. Goldstein 
teaches the course together with a miathematician and a biologist. 



jrhe_matJhema4^ic^ ef f ec- 

tively as a set of skills' to be ; use^ of vthe course 

although a -special effort is made to ^unpack" the mathematical 



f ormal i sm and Texpla^i the rela t i onsh i ps-^behi nd- the-no ta t-i o n^— —The 
biology arid physics components draw upon original documents and 
"real" problems of -historical ;and coritemporary significance, * 

"• ■ -^.-r ^ •.■•«.,' •' , ;. ■ . ■ ' ■ ..... ; 

interweaving the logic of scientific problem-solving with biogra- 
phy , history ! and philosophy of scrience . 

Moving away from course presentatioris, Leoh TrilHng offered 
an overview of^ the Sloan Foundation* s New LiberaL^Arts initia- ; 
"tive. Trilling aescribed recent activities coordinated by ^^^^\M 
for«- Sloan in its capacity as technical resource institutibn f or 
regional liberal arts^colleges that have received ; /tirst-round 
aloan curriculum development grants, or anticipate subsequent 
participation . These activities include faculty , deveropment 
leaves and trai nirig>^^ c^ 

nar" that rotates among, the participating: iristituti Full- 
scale course development at most* of these colleges has only just 
begun, so it was not possible to describe projects in detail or 
to anticipate with- any confidence their future success. As 
anyone; familiar With the develppmental "history of STS programs 
would expect, these projects are very instit^ 

much energy needs to be . channeled into articulating < the relevant, 
and generally unarticulated, features of the home insti tut ipri 
before lessons can be learned from the experiences of other 
institutions. Tovaid in this process, MIT will host several **New 
Liberal Arts" faculty in a sabbatical arrangeinent during the^ 
academic year 1984/85 and will of fer specialized *sun^^^ 



for .faculty this^suinmetr^^-^^ is in the process of 

developing an integrated freshman year at MIT to serve as a 
"living laboratory" for New Liberal Arts strategies and for the 



development of curricuXar materials^ rS: ' / 

Ideally mathematics, science, technology/engi^neer ing\ and 
STS-type . courses should flow naturally from one into anotWr ; 
building on previously acquired skill^y so that a student can 
6nter more deeply into the material 6f each successive course 
area • For example, a mathematics course should not only satisfy 
mathematics - skills requirements, it should also describe the 



relationships being "modelled" quantitatively in such a way as to 
provide a-foundation for the scientific and techpicai material 
that will be encountered "in subsequent science and technology 
engineering; courses. Similarly,- the science i and engineering 
courses, if they utilize appropriate m^ 



v'V^ \ ■ ■ ■ \ 

rfe sophisticated d 



entering into^ a mor^ spphisticated^^nalysis in STS cotir^^esx o 



A 



science-- and ;technology-related social issues' than is ^ currently 
the case; Two programs, one at Syracuse University and the other 
at Polytechnic Institute of New York, attempt to do just this, and 
presefntations on both were made at the conference. 

Dr. GershonVincow, Dean of Syracuse UniversityVsColl^ 
Arts and Science, summarized their integrated four-course cluster 
option in science, technology and STS. ; As Arts and Scfisnce stu- 
dents at Syracuse must complete a four-course clii in the 
•sciences, this allowed the relatively easy design of a comprehen-^ 
sive, integrated series iriyqlvihg\ three main features : 
. 1) introduction to scientific literacy - a two-semester 



introductbry cours^ in bi6iogy> ; chemistryy geology, or ^^-p^ 
involving a laboratory " 

^ 2) introduction to technological literacy**- a brie- semester 
course ^involving lectures on concepts "of engineer ing^ w 
accompanying . mixfroco^ — "1 ator a t or y^ - ;com n t : -—-plus v 
specific applications of technology and aipp>lied science drawn 
from the field of sciehcW taken by 

\ 3^) a course •f ocused on understanding the impact of science 

•" " ' ^. "■ ' ' ^^\^ • ■' ■ ■ • ■• ■ , 

and technology on society. *In this course each class^ breaks up 

into small discnassion^:^^^^^ particular socio^-t^hnical 

problems relevant to the particular field of science on which 

they have chosen to focus. T^---^^ ; 

The third course in. the sequence, the , introdu(rtion,^^t^ 

technological literacy is ? the most unique and deserves some 

special mention. The first: part of the course, entitled The 

;Ehg ineeri rig Approach , c^ components as outlined 

below and a-series of mic^o; computerrb^ 

illustrate the basic engineering themes. In the latter part of 
the course, as noted above, students break out into individual 
sections to look at technical applications related to the. 
particular scientffic area on which they^are focusing. ; ■ 

1. Descriptiori of Sislected Major E Deveiopraents 
A. Computers and Gomm'uriiqatioris . 

.B. -Structures and Dynamic Machinery. ^. 

C. Energy Conversion iv ^ 

D. New Materials -- Electrohicv and Chemical 
E; Instrumentaiiion and Measuremeni:. 

2. Principles of Engineer ing * Design . 



A • \ S ysjt em s M od el i.ng ^ _ ' J ' 
B • Optimizat ion V Trade-off Mak ihg • 
C. S^eedback :and Stability, . . 
D • Energy and Signal Conversion v - 

Instrumentation and >!easurement in the Design 
/'"Process,;;. 

P. Design; Decisions I and Materials Availability, 



3T~^Issues of Problem De^^^ — — 

A; r'duantifiab i 
*; B.. Designing Against Large Num^ of Interacting 

Variables arid Gonflicting^^^^ 
. c;^ Transportation, Nuclear 

; Enisrgy; Health Service Industries/ and Resource 

^Allocation, '■' ■ ■ ■ ■ 

... D, The Element -ofr-Gost^ / 

The teaching mode includes lectures and a laboratory with 
assignments on computer simulated designs and decisipn 
assessments, • • ■ - 

According to Dean Vincow, "students typically register for a 
cluster , ., •based . on a satisfying experience in the first year 
science course , We . attempt to integrate the v sub ject matter , 
primarily through the. science -field — its basic pj^inciples, then 



its technological applicat ions, and finally socio- technical probr- 



lems arising from these appl-ixrat ions," He went /on to stress the 
importancef of remember ing that^^thes^^ and 
social science undergzadiaatesv not science or mathematicsxraajorSf 



and that "it is essential; that, we d^^ courses to cap-^ 

ture [their] imaginatiori and iriterest^^ not have the~ 

prior mindset * to b in • science and 

technology," • . " 

At Polytechnic Institute of. New York, a slightly different 
approach., /is - being: taken, .A]/though primarily a technically- 
oriented iristittitiori; Pplytechnic does have a number of liberal 



arts majors • These students aire tequir^ take a; core curricu- 

lum based as Humanities and Social Science -Division Chairmany 
Don Hockniey: put it, ^*on the idea. that a well-educated liberal 
arts undergraduate should be exposed to the man-made , in both its 
technblogical and traditional forms.'* The core consists of 
forty-eight credit hours ^nd is required of all humanities, 
journalism, and spcia^l .science majors. >. The core amounts to 
almost half of the 126 .total hours required for graduation .\ The 
Freshman core consists of a year-long seqiience/ ^ World of . 

Mathematics an^^^^ three cred*t course 

"Technology and Society in Histpr ical Perspectiye" and a physical 
science course with laboratory, ''The Physical World" (4 credits) . 
The Sophomore core continues with two more science-based courses, 
"The "Biological World^' and VThe Behavorial World", each with a 
latDoratory and carryingV4 credits apiec^ second 
semester of the Sophomore year, the student also takes "Ethicsi 
and Technology" { 3 credi ts ) ,"which is de; signed to examine some of 
"the basic ethical theofiesi of human action and ho^^ relate 
to technological m.aking and using." The Junior year core 
continues with a series of four specif ic , STS-type courses, each 
of which is designed to explore in some depth a particular facet 
of the general ^relationship between science, technology - and 
society. The courses include: ^'Materials and Social Issues," 
"Machines: Extensions of Man/"; •Vinformation, Gommunication, and 
Society," and "Energy Technology a (3 credits 

••each) . Finally, in the Senior year the St to draw 

all this, material together and to demonsjtrate^ a_^-^connected_ and 
omprehensive understanding of. it.^ semester includes a 



.courser appropriately entitled ^"The Making of Connect ions V \ . 

credits), which is intended to draw out the .basic issues and 
general relationships introduced by ;t^^^ previous courses — topics 
such.- as the relationship between machines and hum^ nature, :. - 



Jetwieen freedpm and this individual, ia^^^a society, 
md between probaible futures and alt 

light ot: rapid scie^^ and technological change In addition; 

the student is required to do an individualized, year-long senior 
seminar/thesis project culminating in an extensive paper (7 
credits); 

ThW total package of fourteen courses thus introduces the 

student in a natural way first to mathematics, then; to the basic 
■sciences --naturar biological , and human-- and technology, and 
: f inally ;to their social cont^ In the end, it asks the student 

' to display both a comprehensive j^eneral STS^^ 

more detailed specif ic ianderstanding of a particular issue as 
: reflected in the^ -Senior thesis project^ It is precis this : 

kind of integrated understanding of science^and technology that 
—~}ae'^--^oui^—-^xqu 1 ed^ f oir^i n^ "aTi-^Tide r g r ad ua^e~:^l'rbe r a 1 r ts~" 

education- and precisely that which can, at most, ^ reasonably be 
^" expect^ed of studerits. who db not have the inclination to become 
/ Scientific or technically-oriented prof if^ssi Furthermore, 

we argiae that this kind of understaridirig*^ would be equally , 

valuable for this latter groups 
' The limi tatioh^^'- an already full progjram ^p 

"^hcliis 

technology literacy courses 



these have b prey ious conferences , including one 



on / the, F^^^ of Engineer ing in a Liberal Education hosted 

by Lehigh in' 1981 and those sponsored by CUT^^ in 1980, 

Chiathsim Cpllfege^ 1981^. and the University of Maryland in 1982. 
Several efforts are worthy ^^^^^o^^^ note, howevetf The 

Department of Technology and Society at . SUNY --Stony Brook offers a 
series of especially for * non-engineering 

students and ^including :. ► "Pebpie> Techriology and Society, " 
^Patterns of Problem Solving" "and; "The Societal 'impact of 
Computers •" 0 trier , more general , ^ STS courses are also offered 
Anpther program of interest . is the Values , Technology and Society 
Progfram at Stanf ord University / in which ; all students are re- 
quired to take at least one course related to technology. Civil 
Engilieering Professor David Billington of Princeton University 
of f ers a piartacularly intriguing course, "Structures and the 
Urban Enyirbnmeritv" It^^ relate an understanding of 

the scientific and technical rationale behind th^ structural form 
of large-scalis. public works to their societal qpntext, aesthetic; 
imkgdi^ . and the- symbolic meaning, of these structures • 
Bli3rington-f s knowledge of -eagineei^n^^^ histcDr ic and concern-- 



porary, combined wit:h his pe makes this 

one-of the most instructive of such cour 

UltimateTy the key to the success of all these courses and 
programs lies \^n their recognition of the ' necessity ^ of 
integrating scienck and technology with their societal context. 
The starting point whi^ch irif the Lehigh courses and, we 

suspect y : most Tof the o th'^r; cour^^s ^pr esen ted-^^t- the ^con f er encis:^^ 



X ■ 
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well V. is a;, c^^ of technology as a social process. 



a ; conceptualizatib^^^^^ artifacts and 

processes that embpdy the work of the engineer \i?ithin the broader 
complex V; of social processes that shape and def ine that work by 
providing. - engineers with their problems and at the same tyne by, 
setting many of the parameters within which the engineer must 
solve those problems. : 

/Given this starti^jg point, enough merely to tieach 

liberal arts students the same mathematics, the same science, or 
the same engineering materials that are taught -to majors in thbse 
fields/ Watered down or gussied up, these materials, will fail to 
make an impression if the teaching of them does not recognize and 
make , explicit the complex social process in which the science, 
the engineering, and the mathematics are woven into a whole 
cloth. preciisely this image that GDTHA 'g publication , The. 

Weaver , tries to convey .t^ 

We need to have a holistic^ uncierstanding of what^^^w^^ mean by 
the "literacy" we ar^ trying^ to achieve . ' The mathematics , the 
science and the technoiogy, yes even the .computer , should be seen 
as 'elements within a wider inteliectual and social framework. 



Educational institutions consider ing new courses in this ai^ea 
need to^ articblate the objectives of those courses and , in the 
case of existing distribution requirement courses, will likely 
I have to reconceive their goals. Mathematics, . computer, ^science, 
and technology literacy courses should be designed Jbo. meet the 
educational rje^eds of liberal arts students, and: not. consist ^of 
* .. introductory instruct ionaiy materials suitable for majors in those 



si. 



fields to build upon. 
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Taking educatio goals • as the objective- would suggest "that 
students should become famil^^ scientific and technological 

reasoning, with- major ecineepts and methodologies, and 

with design and modeling strateqies in the discipline [s] they are 
studying. Such understanding will /not make a scientific or 
technical expert out of any liberal ^rts istudent, although it may 
make him/her more aware of the. complex : social , economic and 
political milieu which perforcej surrounds alU scientific .and . 

technoioqical decision-makihq4^ of 

' ' ' '■ . ' ' . '/ -' ' . 

t^hisr kind: of '^itera^ as ij: does 

to • illuminate 1^ dimensions of pur humanity. These 

diraerisiohs are no less expressive, of , what it means to be humap 
than are literature, philosophy, art, religion, or history. To " 
be ignorant of mathematics, i science,^ ^ ^^ o is to be 

ignorant of some of greatest achievements as well; as 

some i of Mankind Vsi'grea^^ That th is true of the 

Other humanities as well , suggests that the/ importance of ^m^ 
matical, scientific, or technical literacy" should be \on a par ^ 
with literacy ;in art; musics poetry^ literature ^ ^history , et / 
eetera , r.iither higher, nor lower. ^ ^^^^^ ; 

While much of this has been recognized for some time, we 
have not always sought for bur liberals arts students what we 
^hould have in the way of science and mathematics education, 
letting instead a minimal number of in^ 
. for majors fulfill an arbitrary and numericaily defined require^ 
:men;t.; 'Beyond this, few if .ariyi^ischools, until recently, have 
required their liber.al arts ; s^^ about engineering. 



Becjause an understanding of engineering is central to an under- 



standing of the broader social process" interpretation io/ 

• • * • • • 'i\ . * : • ^ 1 ^ ■ \ i* . 
technology, this is doubly unfortunate. Engineering is different : 

from science^nd an appreciation of the ways, in iwhich " englne,ers 

define and solv6 their problems needs to be cultivated. .'^The : 

technology literacy courses described above attempt to do just 

that --to reveal how engineers must factor^ social, \ political,; . 

legal, economic, and aesthetic considerations into their defini- 

• ■ " . . . • ■ .. . , . ■ _ • -■ . .... . \ ■ ■ \ 

tions of. what their problems are, and thenV into parameters . of 
what will constitute acceptable solutions to thos^ problems.. 

Assuming, thep, that a v case • has . been - made for the 
educational validity of science-and technology literacy courses, 
what can be said in summary about Jthe direction which such" , 
courses ought ^ to take? Courses/ designed to fulfill requirements 
for liberal arts students in matl^ematics,. , the :. sciences, com pu-^. 
ters , engineer ing and technology need to be designed from the 
outset with the understanding -that the motivations and ccfnceptual 
oir'ientatioh of arts students will be radically, different from 
those o4 majors in^^ The, courses will need to be i 

structured around' educational goals. that draw; their value frcmy 
enriching ,*:he -individual student • s persona^ encounter . with . 
his/her world rather than on instructional goals of the sort that 
make obvious good sense for -'students planning td^raajor in that 
field. • Worst of all is offering to liberal arts* stuSents elenieh- 
tary : versions of instructibnaily based courses, f dr these, ^are? 
• neither ' intrinsically challenging ; -^or at all useful to :such . 
students. = : A - p be one that. aimed . 

at .commiinicafeihg an appreciation of the discipline being treated 



M « ^itiliwtlv* #retol<Hi»aelv4ng dltelpiin«i ptttsentation of 
•ttfi«ii% coiMMpta *nd Mthodoleflut in thit discipline; descrip- 
At iMtt quAliUtiv* «nalyiit o£ the discipline's 

» 

emrmft tlM»«e«tle«l «od*ls« nathainaticB courses £or liberal arts 
*tidMfc« thMild be t«tt9ht with a view to subsequent science and 
•HflMtfiftf «c t«elifiele9y coucsat that they will have to take, 

an «tt«ft attst ba aada to artieulata qualitativel y the rela- 
(iMUMiil^ btlAf Mdallad by aquations and functions. 

All of tbltf in turn* should point toward a deeper and more 
««Bpff«li«fislv« luidtcatanding by the student of the complex social 
«Miti*lt witbin wbteb seiantifie and technological activities find 
^W&f plam* TbU can ba aKplorad mora closely in STS types of 
9mtm% wttltfb baeattsa of thia lack of a well -developed basf in 
i>atb— ittca» aelaneat and anginaaring now seem, and often are, 
•«f«ffi®jlal. All thia will take time, effort and money. Most of 
It tata apacial adainistrsttive support .to -provide the 

— vltanawnt 'naeaesary fee faculty to take really new approaches 
to tfealffiliif tba eoticaaa e«quirad.> obviously, the job will not 
ba aa aaay ocia« but if it is worth doing at all-, this, or 
•aiMitbint Ilka lt« would appear to be tt^e only way worth doing 
|t« fttfftbaiftaOK«» tha aoat likely alternative, given the vested 
lataeaata aaMrging on behalf of doing something on behalf of 
mimem and tatebsology literacy programming, 'is that a lot of 
affOfft aad aonay will ba spent anyway, and the outcome will 
ba no Mra iapcaaalva than the lasting impact of the post-sputnik 
taoavatlooa wbieb» had they been appropriately designed for a 
batle uadOKatandin^ of science and technology as described 



above, would have obviated the need . for promoting sci'ence and 
technology literacy efforts today. 
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